We study the properties of the interstellar medium in the interacting system BR1202-0725 at z = 4.7 via its [N ii] and [C ii] fine-structure line emission. This system consists of a QSO, a sub-mm galaxy (SMG), and two Ly-α emitters (LAEs). Such a diversity in galaxy properties makes BR1202-0725 a unique laboratory of star formation and galaxy evolution at high redshift. We present ionized nitrogen ([N ii] 205 µm) observations of this system, obtained with the IRAM Plateau de Bure Interferometer. We find no [N ii] emission at the quasar location, but tentative [N ii] line detections associated with the SMG and one of the LAEs. Together with available ionized carbon ([C ii] 158 µm) ALMA observations of this system, we find the following: The [C ii]/[N ii] luminosity ratio is > 5.5 for the QSO and the SMG, but it is as low as ∼ 2 in the LAE, suggesting that, in this source, most of the [C ii] emission is associated with the ionized medium (H ii regions) rather than the neutral one (PDRs). This study demonstrates the importance of combined studies of multiple fine-structure lines in order to pin down the physical properties of the interstellar medium in distant galaxies.
INTRODUCTION
In local galaxies, optical/UV nebular lines are among the most used diagnostics of the physical properties of the interstellar medium (ISM; see e.g. Baldwin et al. 1981; Vielleux & Osterbrock 1987; Kewley et al. 2006; Groves & Allen 2010) . However, these diagnostics are not accessible at high-z, as they are shifted in the midinfrared regime, where sensitive spectroscopy is out of reach for present instrumentation. The only optical/UV emission line detected at z > 4 is hydrogen's Ly-α, which is hard to interpret in terms of ISM physics, due to its resonant nature (see e.g. Yang et al. 2012) .
In this context, fine-structure transitions represent key tools to investigate the ISM properties at high-z. With rest-frame wavelengths in the 50-500 µm range, at z ∼ > 4 these lines are redshifted into the (sub-)mm transparent windows of the atmosphere. The most studied finestructure line is the ionized carbon ([C ii]) line at 158 µm, which is now (almost) routinely detected in IR-bright sources at high redshift (Maiolino et al. 2005 (Maiolino et al. , 2009 Iono et al. 2006; Walter et al. 2009a; Wagg et al. 2010; Cox et al. 2011; Wagg et al. 2012; Walter et al. 2012; Venemans et al. 2012; Swinbank et al. 2012; Wang et al. 2013; Carilli et al. 2013 reported in about 20 sources at high-z (see Walter et al. 2011; Alaghband-Zadeh et al. 2013) . Over the last two years, other fine structure lines have been detected for the first time in high-z galaxies: neutral oxygen [O i] (at 63 and 146 µm, see Coppin et al. 2011; Ferkinhoff et al. 2013) , doubly-ionized oxygen [O iii] (at 52 and 88 µm, see Ferkinhoff et al. 2010) , and ionized nitrogen [N ii] (at 122 and 205 µm; see Ferkinhoff et al. 2011; Decarli et al. 2012; Combes et al. 2012; Nagao et al. 2012) .
Observations of a combination of these lines provide key diagnostics regarding the physical properties of the atomic and ionized phases of the ISM in galaxies (e.g., the hardness of the UV radiation field, gas temperature and density, mass, metallicity; Petuchowski & Bennett 1993; van der Werf 1999) . Ionized nitrogen is of particular interest as its ionization potential (14.53 eV) is slightly above that of hydrogen, so [N ii] emission traces the ionized medium, with the ratio between the two forbidden-line transitions of [N ii], at 122 and 205 µm, being a direct probe of gas density (in the regime between 10 and 3000 cm −3 ). The 205 µm [N ii] transition has critical density and potential of second ionization that are very close to those of [C ii] (n c ≈ 45 cm −3 and E 2nd ion. ≈ 25 − 30 eV, respectively, if electrons are the main collision partners, as in H ii regions). Their flux ratio is thus a diagnostic of the relative abundance of C + and N + (e.g. Oberst et al. 2006; Walter et al. 2009b; Nagao et al. 2012; Vallini et al. 2013) , independently of the hardness of the ionization field. Because the ionization potential of carbon is slightly below the one of hydrogen, the [C ii] emission can arise both from H ii regions and from the neutral outskirts of dense molecular clouds. Therefore, for a given metallicity, the [C ii]-to-[N ii] flux ratio can be used to probe the fraction of carbon emission arising from the ionized medium (where both C + and N + are present) vs. that arising from the neutral phase (where N + is suppressed; see, e.g., Oberst et al. 2006) . In this Letter, we present first [N ii] observations in BR1202-0725, a system of interacting galaxies at z = 4.695. This system is of particular interest because it encompasses a QSO (South-East), a sub-mm galaxy (SMG, North-West), and two Ly-α emitters (LAEs, one located between the QSO and the SMG, the other located SouthWest of the QSO), all accommodated within 10 ′′ on sky (≈ 65 kpc at z = 4.695). Fig. 1 shows the Hubble Space Telescope/Advanced Camera for Survey i-band image of the field. Given the diversity of galaxy types in such a small region of the sky, BR1202-0725 represents a unique laboratory of star formation and galaxy assembly only ∼ 1.2 Gyr after the Big Bang.
The QSO and the SMG are among the brightest, unlensed sources in terms of dust luminosity (L IR > 10 13 L ⊙ ). The optical/NIR images of the QSO are completely dominated by the nuclear light, which overwhelms the host galaxy starlight (see Fig. 1 ). The SMG is barely detected at optical/NIR wavelengths, due to heavy dust obscuration. All the companion galaxies are clearly detected in sensitive HST and ground-based broad-band observations of the rest-frame UV/optical stellar continuum. The LAEs are also clearly detected in dedicated narrow-band observations encompassing the Ly-α line (Hu et al. 1996) and in spectroscopic observations of this system (Ohyama et al. 2004; Williams et al. in prep.) .
Thanks to its enormous IR luminosity, BR1202-0725 has been long studied at (sub-)mm wavelengths. Multiple CO transitions (1-0, 2-1, 4-3, 5-4, 7-6) have been detected (Omont et al. 1996; Carilli et al. 2002; Riechers et al. 2006; Salomé et al. 2012) , together with neutral and ionized carbon fine structure lines (Iono et al. 2006; Salomé et al. 2012) . Wagg et al. (2012) and Carilli et al. (2013) presented Atacama Large Millimeter Array (ALMA) observations of the [C ii] emission in BR1202-0725. The [C ii] emission is clearly detected in the QSO and the SMG. Interestingly, they also reported continuum and tentative line detections associated with LAE-2, although only part of the line width fell into the ALMA bandpass. A [C ii] detection is also reported at the position of LAE-1. These observational efforts have provided us with a plethora of probes of the neutral and molecular gas in BR1202-0725. The data presented here allow us to complement this information by probing the ionized phase of the ISM through obser-
The Letter is structured as follows: §2 describes our [N ii] observations of BR1202-0725. §3 presents our results, and compares them with the results of [C ii] studies. Conclusions are drawn in §4. Through the Letter we assume a ΛCDM cosmology, with H 0 = 70 km s −1 Mpc −1 , Ω m = 0.3, and Ω Λ = 0.7.
OBSERVATIONS
We observed BR1202-0725 with the IRAM Plateau de Bure Interferometer (PdBI). We targeted the [N ii] 205 µm transition (ν 0 = 1461.132 GHz). The tuning frequency was 256.564 GHz (WideX band 3), corresponding to z([N ii])= 4.695. The pointing center was set to RA=12:05:23.100, Dec=-07:42:33.00, J2000.0). The primary beam of PdBI can be described by a Gaussian profile with full width at half maximum (FWHM) = 47.3 ′′ × (100/ν), where ν is the observing frequency in GHz. At the tuning frequency of our observations, the primary beam is 18.4 ′′ in diameter (see Fig. 1 ). Observations were obtained on January 8, 2013, with the array in compact, 6-antenna configuration (6Cq). Baselines ranged between 18.0 and 176.0 m. The quasars 3C84 and 1055+018 were observed as flux calibrators. The quasar 3C273 served as phase and amplitude calibrator. We processed our data using the most recent version of the GILDAS software. The receiver operated in the upper sideband, with a typical system temperature of 300 K. The final cube consists of 5280 visibilities, corresponding to 4.4 hr on source (6-antennas equivalent).
We imaged the cube using the GILDAS suite mapping. Natural weighting was adopted. The beam size is 2.0 ′′ × 0.9 ′′ (∼ 13 kpc ×6 kpc at z = 4.695). We estimate an rms of 1.3 mJy beam −1 per 100 km s −1 channel. We applied Hogbom cleaning down to 2-σ per channel in a box encompassing all the individual components of BR1202-0725.
We compare our [N ii] observations with the [C ii] data presented in Wagg et al. (2012) and Carilli et al. (2013) .
[C ii] data were collected with the Atacama Large Millimeter Array (ALMA) during science testing and verification in January 2012. The observations cover 2 GHz of bandwidth, centered at 333.9 GHz, i.e., encompassing the [C ii] 158 µm emission of the QSO and the SMG. The resolution of these data is 1.2 ′′ × 0.8 ′′ .
3. RESULTS Fig. 2 shows the continuum-subtracted [N ii] and [C ii] spectra of the galaxies in the BR1202-0725 system. The continuum levels have been measured by averaging linefree channels in the cubes (see Table 1 ), and are consistent with the SED study presented in Wagg et al. (in prep.) . No [N ii] emission is found to be associated with the QSO. A faint [N ii] line (with possibly two emis- Table 1 summarizes the velocity offsets among the various components and the continuum and line parameters (1461 GHz continuum; width, flux and luminosity of the [N ii] line) observed in our study. Fig. 2 ). The ratio for LAE-1 would be a lower limit if follow-up observations were not to confirm our tentative detection. Wagg et al. (2012) and Carilli et al. (2013) reported strong [C ii] detections in the QSO and the SMG. LAE-1 shows a very narrow [C ii] line (FWHM≈50 km s −1 ). [C ii] line is also reported in LAE-2, though in this case the ALMA observations only covered part of the line profile (see Fig. 2 ).
[N ii] 205 µm in BR1202-0725

The [C ii]/[N ii] ratio
The comparison between [N ii] and [C ii] emission in the various components of BR1202-0725 reveals highly diverse properties in the properties of the interstellar medium in the various galaxies. We follow Oberst et al. (2006) in order to estimate the fraction of [C ii] associated with the ionized medium (stellar H ii regions), in contrast with the neutral surface of dense photondominated regions (PDRs) in the outskirt of molecular clouds, or other environments (e.g., X-ray dominated regions, XDRs Meijerink et al. 2007; shocks Meijerink et al. 2010; Appleton et al. 2013; etc) . In a H ii region with fixed metallicity, the expected ratio of the two lines is practically independent of the gas density. Assuming n(N + )/n e = 7.9 × 10 −5 = 0.56 n(C + )/n e (Savage & Sembach 1996) , we expect a ratio of line lu-
In the LAEs, the observed [C ii]-to-[N ii] ratio is consistent with unity, thus suggesting that these lines are associated with a purely ionized medium. On the other hand, the [C ii]-to-[N ii] ratio in the SMG and, most of all, in the QSO, is much higher (see Table 1 ).
In Fig. 3 we plot the [C ii]-to-[N ii] ratio as a function of IR luminosity for the various components of BR1202-0725, and for the few galaxies at z > 1 for which both [C ii] has been detected, and deep [N ii] 205 Carilli et al. (2013) . Typical uncertainties in the IR luminosities are ∼ 20%. In case of non-detections, 3-σ limits are reported. 13.5 ± 2.6 a 13 ± 3 a 5.5 µm observations have been reported in the literature (Walter et al. 2009a; Combes et al. 2012; Nagao et al. 2012; Riechers et al. 2013) . These sources are either SMGs or QSO host galaxies with bright IR emission (L IR ∼ 10 13 L ⊙ ). The LAEs in our study have substantially lower IR luminosity (∼ 10 12
ratio is substantially lower than typically observed in IR-bright SMGs and QSOs at high-z, and is consistent with the range of values expected for H ii-region conditions (shaded green area). On the other side, the majority of the IR-bright sources studied so far have high [C ii]-to-[N ii] ratios. This suggests that there is additional [C ii] emission that may be arising from the neutral medium in the outskirts of dense molecular regions (PDR-like) or from extended XDRs, where [N ii] is not present (red shaded area in Fig. 3 ). In particular, in the QSO, the observed ratio is ∼ > 3 times higher than what predicted in the most conservative H ii-region scenario, thus suggesting that ∼ < 33% of the [C ii] in this source is emitted in the ionized phase of the ISM. The global ratio observed in the SMG is lower, ≈ 5.5, still too high for H ii regions. However, the different profiles of the [C ii] and [N ii] lines in this source suggest that the picture is more complex, and that we are probably witnessing a composite source in which both H ii regions and dense molecular clouds play important roles. Deeper data at higher spatial resolution and significantly higher signalto-noise with ALMA will allow us to perform a velocityand spatially-resolved study of the [C ii]-to-[N ii] ratio, thus disentangling the role of each component.
CONCLUSIONS
We have presented first [N ii] 205 µm observations in BR1202-0725, an IR-bright system of interacting galaxies at z ≈ 4.7. The system consists of a QSO, an SMG, and two LAEs. We report [N ii] detections in the SMG and in the LAE-2. We combine the observations of the [N ii] with previously published [C ii] observations. The [C ii]-to-[N ii] luminosity ratios span over one order of magnitude, being < 5 in the LAEs, and > 5 in the SMG and in the QSO. We use this line ratio to put constraints on the fraction of [C ii] associated with the ionized phase of the ISM. The LAEs are well within the parameter space of H ii regions. On the other hand, the [C ii] emission associated with the neutral phase is high in the SMG and, most of all, in the QSO. This is the first time that the relative importance of the ionized vs neutral phases of the ISM can be directly compared in high-z galaxies.
Deeper observations of this system, in particular using the Atacama Large Millimeter Array, are crucial in order to confirm the tentative [N ii] detections reported here. In addition, observations of other fine-structure lines (e.g., [O iii] and [O i]) will allow us to expand our analysis to different regimes (e.g., the highly-ionized medium) and to put first constraints on other parameters (e.g., metallicity) in this unique laboratory of star formation in the early universe.
